Background. Wild foods and their actual and potential contributions to nutrition security have rarely been studied or considered in nutrition and conservation programs.
Introduction
The determinants of poor nutrition are often rooted in poverty and inequity. Meeting nutrient needs of families while keeping costs to a minimum, improving resilience, and respecting cultural traditions remains a challenge. For many populations, local and traditional foods, including wild foods, can play an important role as a safety net during difficult periods or to complement diets with essential nutrients [1] [2] [3] . However, for most of these species, little is known about their nutritional value, safety, availability, use, and consumption patterns and their subsequent impact on human health, undernutrition, overnutrition, and risk of noncommunicable disease.
The present study innovatively brought together the fields of ethnobiology, nutrition, and food security to study the role of wild, neglected, and underutilized species in achieving a cost reduction of a nutritionally adequate diet for women, pregnant women, lactating women, and young children 6 to 23 months of age (covering the 1,000-days window of opportunity) during the dry and wet seasons in the eastern region of Baringo District in Kenya. The study focuses on the "window of opportunity" from minus 9 to 24 months, because improving nutrition for this group has the highest impact on reduction of death and disease, with high returns to cognitive development, individual earnings, and economic growth [4] .
The Cost of Diet (CoD) analysis tool, developed by Save the Children UK and based on linear programming work previously carried out by the World Health Organization (WHO), was used to screen five candidate species for their potential to reduce the cost of, and contribute to the nutrient requirements of, a culturally acceptable, nutritious diet.
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Assessing the potential of wild foods to reduce the cost of a nutritionally adequate diet: An example from eastern Baringo District, Kenya problems, including diet-related problems [5, 6] . It is a mathematical approach that optimizes (minimizes or maximizes) a linear function of a set of decision variables, while respecting multiple linear constraints [5] . Linear programming has been used in human nutrition to analyze economic constraints on human diets and the economic value of fortified food supplements [7] [8] [9] , to analyze and optimize children's diets during complementary feeding [10] , to develop food-based dietary guidelines [5] , to identify key problem nutrients and design optimal food-based complementary feeding recommendations [6, 11] , to analyze the energy density and optimize the nutrient density of a population's diet [12, 13] , and to predict whether formulated complementary food products can ensure dietary adequacy [14] . Save the Children's CoD linear programming tool used in this study builds on local food prices and food availability data to determine what theoretical diet can fulfill specific people's nutrient needs at the lowest cost [8, 9] . To our knowledge, this is the first time that the tool has been used to screen neglected and underutilized foods, including wild foods, with regard to their potential to reduce the cost and/or contribute to nutrient adequacy of diets. Wild, neglected, and underutilized species and their actual and potential contributions to nutrition security have been rarely studied so far, and are therefore mostly not taken into account in nutrition and conservation programs and policies [15] [16] [17] . Wild, neglected, and underutilized species are not the silver bullet for all malnutrition problems, but in many cases they have the potential to contribute more than they actually do [18] *, given that they can be sustainably collected and/ or domesticated without causing overexploitation and subsequent extinction. In addition, these foods have adapted to local environmental conditions and as part of the locally available agricultural biodiversity, their role in managing risk, building system resilience, and supporting household subsistence is more and more acknowledged. It is necessary to ensure that we explore and harness the best that local food systems have to offer in a cost-effective and sustainable manner. Effective food-based dietary strategies will be among the most sustainable nutritional interventions, as long as nutritionally adequate diets based on local foods can be successfully identified and promoted [5] .
Kenya has diverse agroecological zones that contribute to a wide diversity of indigenous neglected and underutilized species. Maundu et al. [19] documented about 400 indigenous fruit species in the country, and Messina [20] reported traditional leafy vegetables, cereals, and legumes with excellent nutritive properties. Its * Boedecker J, Termote C, Assogbadjo AE, Van Damme P, Lachat C. Dietary contribution of Wild Edible Plants to women's diets in Benin -an underutilized potential (submitted to Food Security). broad and excellent variety of neglected and underutilized species, coupled with high rates of malnutrition [21] , makes Kenya the ideal location to study the role of local foods in reducing the cost of meeting nutritional adequacy. The eastern region of Baringo District in the Rift Valley Province of Kenya was selected for the study (fig. 1) . The Rift Valley Province has a persistently high rate of stunting (36%) in children under 5 years of age [21] . The objectives of the present study were to document the available food biodiversity in Churo and Tangulbei divisions in eastern Baringo District, including cultivated, neglected, underutilized, and wild plant and animal foods; and to select five priority wild, neglected, and underutilized species and determine their potential contributions to a cost reduction in relation to the nutritional gain (nutrient adequacy) of theoretically modeled diets using linear programming.
Methods

Ethnobiology
An ethnobiological inventory of all available food biodiversity (including cultivated and wild plant and animal species) in the area was carried out by means of focus group discussions in 10 sublocations in Churo and Tangulbei divisions (5 sublocations in each division) in eastern Baringo District during the dry (February/March) and wet (July/August) seasons in 2012. Both divisions lie within the arid and semiarid ecological zones of Kenya, which are characterized by low rainfall and high temperatures [22] . Each focus group discussion involved 10 knowledgeable community members willing to participate after being orally informed about the research objectives. In each sublocation, the sex and age of the participants were balanced as much as possible. A list of all available food species was composed, and further information about vernacular names, habitats, plant and animal parts used, specific uses (fruit, vegetable, staple, etc.), seasonality, preparation and conservation, and availability was collected by semistructured interviews. Samples of lesser-known species (e.g., the wild species) were collected for further identification by botanists at the National Museums of Kenya.
Five wild plant species were selected for subsequent modeling in the CoD analysis based on their availability and abundance in both the dry and the wet seasons, availability and quality of their nutrient profile, and preferences of the local population.
Cost of Diet analysis
The CoD tool uses Excel's solver function to perform linear minimization of the cost of a modeled diet while respecting a number of "nutrient constraints" based on recommended energy and nutrient requirements. Two standard databases are incorporated in the tool: the World Food Composition Database (Food and Agriculture Organization [FAO], World Food Dietary Assessment System) and the FAO/WHO-recommended individual energy and nutrient requirements for different age, sex, and physiological condition groups [23, 24] . The food composition table in the CoD tool gives the nutrient contents of foods, except for iron and calcium, for which it gives bioavailability values instead of total contents [25] . For the five selected wild foods, nutrient contents, including assumed absorbed levels of iron and calcium, were entered manually, as they were not present in the CoD food composition table. To convert total dietary calcium into absorbed calcium in accordance with the food composition table in the tool, a coefficient was applied depending on the food group: 0.45 for fruit and 0.05 for green leafy vegetables. The food composition table in the CoD software assumes that only 10% of dietary iron is absorbed, which is typical for a mixed, but mostly vegetarian diet [24] . The total iron quantities in each food were thus multiplied by 0.1.
The CoD tool requires a comprehensive list of all locally available foods and their prices (per 100 g of edible portion) and offers the opportunity to refine the diet to make it culturally acceptable and palatable using constraints on the number of times a specific food portion can be included in the diet per week as well as on the portion size that is to be applied by the software every time the food is included ("food constraints").
Two types of food constraints can be defined: the "maximum constraint," representing the maximum number of times a food can be included in the diet, and the "minimum constraint, " indicating the minimum number of times a food can be included in the modeled diet [25] . Portion sizes are available in the CoD tool for a breastfed child 12 to 23 months of age. Portion sizes are automatically adjusted by the tool for individuals of different ages, sexes, and/or activity levels based on energy requirements. Based on these data, the software calculates a Minimum Cost Nutritious (MCNut) diet (with no "food constraints" defined by the user: the tool sets the minimum constraint on each food to 0 and the maximum constraint to 21 portions per week [3 times per day x 7 days per week]) and a Locally Adapted Cost Optimized Nutritious (LACON) diet (with userdefined minimum and maximum food constraints reflecting local food preferences and consumption behaviors).
To compose a comprehensive list with all available foods and assess local prices, a market survey was conducted in six villages in Tangulbei Division in June for the dry season and in August for the wet season. Mean market prices per 100 g of edible food product were calculated. To identify culturally acceptable average consumption frequencies of all foods, individual interviews and focus group discussions were organized in seven villages in Tangulbei Division. Each village group consisted of eight women from four different wealth groups identified by the village chief. Minimum and maximum constraints were defined based on these data and as described in the CoD manual [25] .
Information from the market survey and minimum and maximum constraints were entered into the CoD analysis software. LACON diets were modeled separately for each of the following reference individuals: an infant of either sex aged 6 to 8 months; an infant of either sex aged 9 to 11 months; a young child of either sex aged 12 to 23 months; an adult, nonpregnant, nonlactating woman, moderately active; an adult woman, moderately active and lactating; and an adult woman, moderately active and pregnant. For partially breastfed infants and young children (6 to 23 months of age), WHO-recommended breastmilk intakes were modeled in the diet. In addition to cost calculations, the program also highlights which recommended nutrient intakes cannot be met using only locally available foods during the dry and/or wet seasons. It needs to be emphasized that the modeled diet is hypothetical and does not necessarily reflect actual dietary intakes of the studied population.
The analysis was run for both the dry and the wet seasons, each time with and without the five selected wild foods to assess their impact on the cost of a nutritionally adequate diet. Each wild food was included separately in the hypothetical LACON diet, and then all foods were included together to examine their separate and collective effects on the cost and nutrient adequacy of the diet. It was assumed that the wild foods had no monetary value and that each wild food would be consumed at least three times a week, as indicated during the focus group discussions. The minimum constraint for each wild food was therefore set at three and the maximum constraint was set at four. It was recognized that there may be opportunity costs involved in collecting and preparing wild foods, but these data were not collected.
Results
Ethnobiology
A total of 177 edible plant species (14 cereals, 28 roots and tubers, 11 pulses, 67 fruits, and 55 vegetables), 38 animal species (9 insects, 18 mammals, 8 birds, and 3 reptiles), and 11 mushroom species were recorded throughout the year. Of these, 121 plant species from 54 different botanical families and 26 animal species could be taxonomically identified. Seventy-eight plant species and 7 mushroom species were exclusively found in the wet season, whereas only 9 plant species and no mushroom species were exclusively found in the dry season (appendix 1A-C).
The wild foods selected for modeling their effect on the cost of a nutritionally adequate diet were Solanum nigrum L., a wild leafy vegetable, and four wild fruits: Balanites aegyptiacus (L.) Delile, Ximenia americana L., Berchemia discolor (Klotzsch) Hemsl., and Ziziphus mauritiana Lam. ( fig. 2) . Their energy and nutrient composition per 100 g is shown in table 1 [26] [27] [28] .
Cost of Diet analysis
Fifty-seven different food products from 27 plant and 7 animal species were inventoried during the market survey, of which 44 were found in both seasons, 7 were unique to the dry season, and 6 were unique to the wet season.
The daily cost of a hypothetical optimized LACON diet, without wild foods, and the percentage cost reduction produced by adding each of the five selected wild foods separately and all selected wild foods together in the model are presented in table 2. Simultaneously, the CoD analyses generated the percentage of recommended nutrient intakes met by the modeled diets without wild foods and the percentage of recommended nutrient intakes met by the modeled diets for which each wild food separately or all wild foods together were added to the model. Of all wild foods modeled, B. discolor (a fruit tasting like dates, also called bird plum or wild almond, widespread from Sudan to South Africa growing in dry open woodland, semiarid bushland, and along riverbanks) contributed most to reaching the recommended nutrient intakes. Figure 3 presents the percentage of nutrient requirements met by the modeled diet without wild foods and the additional percentage of nutrient requirements met by including all five wild foods together or the wild fruit B. discolor alone in the modeled diet for the dry and wet seasons.
The results of the CoD analysis without and with wild plants can be summarized as follows:
The wet season is the lowest-cost season, because foods are available in higher quantities during the wet season harvest period.
By design, the diets without the five wild species were modeled to meet the energy requirements and recommended nutrient intakes for protein, vitamins A, B 1 , B 2 , B 3 , B 6 , and B 12 , folic acid, calcium, magnesium, iron, and zinc. The resulting diets were, however, limited by several essential micronutrients, especially for infants aged 6 to 8 months (vitamin B 6 and calcium deficient during the dry season, iron and zinc deficient over the whole year). The diets were deficient in iron for all age groups (women, lactating women, pregnant women, and infants and young children) during the dry season.
The selected five wild foods have the greatest impact on the daily cost of the diet when modeled together. There is potential to reduce the daily cost of a woman's diet by 120 to 175 KSh (US$1.5 to 2.00) per day The wild species B. discolor has the biggest impact on the cost of the diet when modeled on its own. By adding this fruit to the diet three or four times a week, the daily cost of the diet could potentially be reduced by 54% to 57.5% for women in both seasons and by 56% for children aged 12 to 24 months in the dry season. For infants under 12 months, the reduction in the cost of diet is negligible. B. discolor contributed to meeting recommended iron intakes by 100% for women, lactating women, pregnant women, and children aged 12 to 24 months. However, it was still not possible to meet recommended iron and zinc intakes for the partially breastfed 6-to 8-and 9-to 11-month-old infants.
The selected wild foods made little contribution to vitamin B 6 and calcium requirements for 6-to 8-month-olds in the dry season. This may be because portion sizes of the foods for these children are too small to make a significant contribution to nutrient intakes or the nutrient levels in the foods are too low to make a difference.
Discussion
The present study was able to answer three basic questions: Is it theoretically feasible to meet energy and nutrient requirements in all seasons using only locally available food? If this is possible, what are the food combinations that make this possible and at what cost? What is the effect of adding five selected wild edible plants to the modeled diets on dietary adequacy as well as cost? The results showed that for all age groups, it was not possible to meet iron requirements in the dry season without the addition of wild foods. With or without wild foods, iron and zinc represent problem nutrients for the partially breastfed 6-to 8-and 9-to 11-month-old infants in both the dry and the wet seasons. In addition, vitamin B 6 and calcium are problem nutrients for 6-to 8-month-old infants in the dry season, with or without wild foods. For the other age groups, adding wild foods to the modeled diets was able to close the iron gap. Meeting nutrient requirements for 6-to 11-month-old infants using only local foods has proven to be difficult in other studies [6, 11, 29] . However, adding up all the "small" contributions during the critical window of 1,000 days might have a greater impact than each small contribution in itself.
Linear programming, as used in this study, is a useful tool to objectively assess the feasibility and affordability of meeting nutrient requirements by combining locally available foods [29] . If it appears to be impossible to combine local foods to fulfill all nutrient needs, linear programming could also be used to objectively compare additional strategies (introduction of new species to the area, biofortification, food fortification, or supplements) to be implemented in a specific region for specific age groups in specific seasons [8, 9] . In the present case, the selected five wild foods were able to close the iron gaps for women, lactating women, pregnant women, and children aged 12 to 24 months; however, complementary approaches will be needed to meet micronutrient requirements for infants from 6 to 8 and 9 to 11 months of age (iron and zinc throughout the year and additionally vitamin B 6 and calcium in the dry season). The foods that contributed to more than 5% of the total cost, energy, or nutrients of the theoretical optimized diets without wild foods are presented in appendix 2. The foods that accounted for the highest contributions to total diet costs for all age categories were milk (camel's milk only in the dry season and cow's milk), eggs, small dried fish, meat (goat and/or camel), and, in addition, tomatoes for women. Maize was the highest contributor to energy in the modeled diets for women and the second highest contributor to energy after breastmilk for infants and young children (6 to 24 months). Liver (from cows in the dry season and goats in the wet season), breastmilk, and kale were the largest contributors to vitamin A. Kale also contributed a great deal of vitamin C in the modeled diets. Folic acid was mainly provided by legumes, and breastmilk and small dried fish contributed substantially to protein, niacin, vitamin B 12 , calcium, and zinc in the modeled diets.
The total number of food species available in the markets in eastern Baringo District was rather low in both seasons, especially vegetables. Wild foods have thus the potential to add diversity to the diet as well as to contribute to diet quality. In addition, wild foods lowered the cost of the modeled diets up to 64% for all five wild foods together in the dry season for 12-to 23-month-old children. Although income data were not collected, it is unlikely that poor households would be able to afford the modeled diets without the addition of wild foods. Therefore, there is potential for nutritious wild foods, available at low cost, to have a positive impact on the cost and quality of the diet if these foods contain the nutrients and are safe and accessible.
Some limitations should be mentioned regarding this exploratory study to screen wild foods for their potential in reducing the cost and contributing to nutrient adequacy of modeled diets using CoD software. Despite increased interest from the international research community, there is still a huge lack of food composition data for neglected and underutilized and wild species [15, 30, 31] , which seriously restricted the choice and number of wild foods that came into scope for being modeled in this exercise. Second, this study was based on a number of assumptions that require further investigation. Information on the opportunity costs of wild food collection and processing was not gathered, so the selected wild foods were added to the models at a supposed zero cost. Furthermore, based on the focus group discussions with the women, it was decided that they would be "willing" to consume these foods up to three times per week and the portion sizes for similar foods available in the CoD software were used. In addition, much more agroecological research is needed to investigate the harvest levels and/or domestication possibilities that could identify and support sustainable levels of consumption of these foods.
Finally, this study provided us with critical insights into the theoretical possibilities of combining locally available and wild foods to obtain optimized diets at lowest cost in the eastern Baringo Region. However, despite the integration of food constraints to reflect culturally acceptable diets, the results can still substantially differ from actual or culturally acceptable dietary patterns. Additional participatory populationbased research is thus necessary to assess whether the resulting modeled diets can be translated into dietary guidelines and whether these are actually affordable, culturally acceptable, safe, and sustainable.
Conclusions
The study illustrated an application of the CoD tool to screen available wild foods for meeting energy requirements and recommended nutrient intakes at a minimal cost in different seasons. Repeating the study in different agroecological settings with high malnutrition rates is needed to increase our understanding of, and provide 
